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No CF•••HO intramolecular hydrogen bonds (IHBs) in 2-fluoroethanol, 3-fluoropropanol and 
4-fluorobutanol can be detected experimentally in solution by NMR and infrared 
spectroscopies. According to ab initio (MP2/aug-cc-pVDZ) and DFT calculations (B3LYP), a 
CF•••HO IHB has no influence on the conformational behavior of 2-fluoroethanol, while it 
stabilises the global minima of 3-fluoropropanol and 4-fluorobutanol for the isolated 
molecules. Entropy and bulk solvation effects, even in nonpolar media, such as CCl4, 
cyclohexane and dichloromethane, are indicated to diminish the population of these global 
minima, apparently below the detection limit. 
 
 
 
 
 
 
1. Introduction 
The organic fluorine atom is well known to be a poor hydrogen 
bond (HB) acceptor.1,2 However, there are literature examples in 
which F may form relatively strong HBs, influencing the biological 
and physicochemical properties, and determining the conformational 
behavior of important molecules.3,4,5 For instance, rotational 
isomerism for 2-fluoroethanol (FE) has been studied in the literature 
both by theoretical calculations and experimental rotational and 
vibrational spectroscopies.6,7 By considering that the FE global 
minimum accounts for >90% of the total conformational population 
and has the appropriate geometry to form an intramolecular 
hydrogen bond (IHB, see Scheme 1), such interaction is commonly 
invoked to explain its stability.
6
 On the other hand, 3-fluoropropanol 
(FP)8 and 4-fluorobutanol (FB)9 are much less studied and the few 
papers from the literature indicate that the FP and FB global minima 
may also form CF···HO IHBs. The conformational studies of these 
compounds are limited to theoretical and gas-phase based 
spectroscopies, and to our knowledge, no experimental NMR 
conformational studies in solution have been published. In the 
present work we report a systematic analysis of the conformational 
behavior of FE, FP and FB by 1H and 19F NMR, as well as by 
infrared spectroscopies in solution, supported by theoretical 
calculations. The intramolecular interactions were computationally 
evaluated in the framework of the Quantum Theory of Atoms in 
Molecules (QTAIM),10 the recently developed Non-Covalent 
Interactions (NCI) method11 and the Natural Bond Orbital (NBO) 
analysis.12  
 
Scheme 1: 2-fluoroethanol (FE), 3-fluoropropanol (FP) and 4-
fluorobutanol (FB) representations. 
 
2. Experimental section 
Compound Preparation. FE and FP were obtained from 
Sigma Aldrich and were used without further purification. FB 
was synthesised by following the steps in Scheme 2 (detailed 
procedure in the ESI).13 The starting route was the mono 
acylation of 1,4-butanediol (1) to give (2). This reaction was 
carried out through a similar procedure used by Clarke,14 who 
applied such reaction for other diols. The fluorination of the 
unprotected diol (2) was carried out by DAST to give (3). FB 
(4) was then obtained by reduction of the (3) ester moiety using 
LiAlH4.   
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Scheme 2: Synthesis route for FB. 
 
NMR spectra. 1H and 19F NMR experiments were recorded on 
Bruker Avance-III spectrometers operating at 600.17 MHz and 
499.87 MHz for 1H. Spectra were recorded in solutions of ca. 1 mg 
in 0.7 mL of CD2Cl2 and cyclohexane-d12 commercial solvents 
referenced to internal TMS. The typical conditions used were as 
follows: a probe temperature of 25º C, 64 transients, a spectral width 
of 4.0 kHz, 64k data points, an acquisition time of 8.4s and zero-
filled to 128 k points. 1H and 19F NMR spectra are provided in the 
ESI. 
 
Infrared spectra. Samples were prepared with a concentration of 
0.01M, 0.03M, 0.05M and 0.1M in CCl4. The infrared spectra were 
recorded on a FTIR Shimadzu IRPrestige-21 spectrometer by using a 
0.5 mm width NaCl round cell window. The following infrared 
spectrometer conditions were used: number of scans = 64, resolution 
= 4 cm-1, spectral range = 400-4000 cm-1. The equipment was purged 
with dry nitrogen gas. Infrared spectra are provided in the ESI. 
 
Theoretical calculations. FE conformers were found from 3-
dimensional potential energy surfaces (PESs), constructed by 
simultaneous scan of its  (F-C-C-O) and  (H-O-C-C) dihedral 
angles from 0º to 360º in steps of 30º at the B3LYP/cc-pVDZ (ESI). 
Due to its more complex conformational freedom, FP and FB 
conformers were found by a B3LYP/cc-pVDZ Monte Carlo 
conformational search on Spartan 14 program,15 by using a 10 kcal 
mol-1 threshold and 5000 K temperature. Optimisations in the gas 
phase and with implicit solvent model [integral equation formalism 
variant of the Polarizable Continuum Model (IEF-PCM)] were 
carried out at the B3LYP/aug-cc-pVDZ level, where frequency 
calculations were performed in order to confirm that all found 
conformers are energy minima, followed by reoptimisation at the 
MP2/aug-cc-pVDZ level (see ESI for additional levels). The MP2 
energies were converted into enthalpies and Gibbs free energies 
using standard thermodynamic corrections from the B3LYP/aug-cc-
pVDZ frequency calculations. NBO analysis was performed at the 
B3LYP/aug-cc-pVDZ level (both in the gas phase and in the 
continuum) employing geometries fully optimised at the specified 
level. These calculations employed the Gaussian09 program, 
Revision D.01.16 NMR 1hJF,H values were calculated at the 
BHandH/EPR-III level,17,18 i.e. using a functional that performs well 
for a large variety of spin-spin coupling constants (SSCCs) involving 
carbon, fluorine and hydrogen atoms19 and a basis set that has been 
optimised for the computation of the Fermi-contact component of 
SSCCs20, and with the second-order polarization propagator 
approximation (coupled cluster singles and doubles) 
SOPPA(CCSD)21 method and the EPR-III basis set for 1H and 19F 
and the cc-pVDZ basis set for carbon and oxygen atoms. These 
calculations used the Dalton 2013 program.22 Calculated J values 
were averaged over all conformers according to a Boltzmann 
distribution: 
𝑱𝐜𝐚𝐥 = ∑
𝐢
𝐓
𝑱𝒊
𝒏
𝒊=𝟏                  Equation 1 
where  
 
𝐢
𝐓
=  
𝒆−𝑬𝐢/𝐑𝐓
∑ 𝒆−𝑬𝐢/𝐑𝐓𝒏𝒊=𝟏
                 Equation 2 
 
Ei is the relative energy of conformer “i” and T = -298.15 K. 
 
QTAIM topological analysis was done on the electron densities 
obtained from the MP2/aug-cc-pVDZ optimised geometries through 
the AIMALL program.23 The NCI calculations were performed on 
the same MP2/aug-cc-pVDZ electron densities using the NCIPLOT 
3.0 program.11 
 
3. Results and discussion 
 
 FE can rotate about the C-C and C-O bonds, which gives 
rise to 5 different conformers (Figure 1), which have either 
gauche (conformers 1-3) or trans (conformers 4 and 5) 
relationships with respect to the F-C-C-O moiety. Gauche 
conformer (1) is the most stable, with 88% of the total 
population (considering Gibbs free energies, G) in the gas 
phase according to calculations at the MP2/aug-cc-pVDZ level 
(Table 1), in line with the expected gauche effect. It is worth to 
mention that in this case thermal corrections to enthalpies and 
Gibbs free energies have little effect on the relative population 
of the conformers (see Table S2 in the ESI). These results are 
reproduced using other levels of theory, such as the 
B3LYP/aug-cc-pVDZ and the dispersion corrected functionals 
B3LYP-D3/aug-cc-pVDZ and B97-D/aug-cc-pVDZ, as well as 
at the CCSD(T)/aug-cc-pVTZ//MP2/aug-cc-pVDZ ab initio 
method. Overall, the MP2/aug-cc-pVDZ method provided the 
best performance, showing the smallest mean absolute 
deviation (MAD) in comparison with the CCSD(T)/aug-cc-
pVTZ//MP2/aug-cc-pVDZ level for FE, FP and FB (Table S6 
in the ESI), therefore, it was used in all subsequent calculations.  
 
     
1 2 3 4 5 
Figure 1: Geometrical representation for conformers 1-5 of FE obtained at 
the B3LYP/aug-cc-pVDZ level. 
 
In conformer 1, the hydroxyl hydrogen is directed toward the 
fluorine atom, giving rise to the possibility of a CF···HO 
intramolecular hydrogen bond (IHB), thus reinforcing the gauche 
effect. A possible experimental evidence to confirm such a CF···HO 
IHB would be the 1hJF,H SSCC. However, no 
1hJF,H SSCC could be 
observed for FE neither in the 1H nor in 19F spectrum in 
cyclohexane-d12, CD2Cl2 and acetonitrile solutions (spectra available 
in the Supporting Information), which could be either due to the 
absence of CF···HO IHB or to a very weak interaction with an 
immensurable 1hJF,H value. The IR spectra in CCl4 were also 
obtained at different concentrations: 0.01M, 0.03M, 0.05M and 
0.1M (ESI). No band that could be assigned to a CF···HO IHB was 
found in any spectrum of FE. The free OH band (at 3622 cm-1) was 
found at every concentration, and intermolecular CO···HO H-bond 
associated bands (3606 cm-1) were found at 0.05M and 0.1M 
concentrations. 
 By applying the quantum theory of atoms in molecules 
(QTAIM), which is considered a standard method to understand 
long-range interactions,24 no bond critical point (BCP) is found 
between the H(O) and the F atoms, indicating absence of an IHB 
(QTAIM molecular graphs in the ESI). 
Journal Name ARTICLE 
[Type text] 
 
The recently developed non-covalent interactions (NCI) method 
indicates a weak interaction between the F and H(O) atoms for 
conformer 1 (Figure 2; NCI plots for all conformers in the 
Supporting Information). Surprisingly, such interaction is predicted 
to be repulsive by this method, as the peak in the positive values of 
sign(2) extends to a lower value of the reduced density gradient 
(RDG) and is more voluminous than the peak at the negative value 
of sign(2) (positive peak: sign(2) = 0.009 au and RDG = 0.449, 
negative peak: sign(2) = -0.007 au and RDG = 0.559, Figure 2b). 
Peaks at negative sign(2) indicate attractive contributions to non-
covalent interactions, while peaks at positive sign(2) indicate 
repulsive contributions. Indeed, taking a closer look in the Figure 2a 
one may recognize in the NCI surface plot that the repulsive 
contribution (coloured red) has a larger overall contribution than the 
attractive contribution (coloured green). However, care is 
recommended in interpreting the sign of 2 in very weak 
interactions, because in these cases the sign might depend on the 
method of calculation..25  
 
 
Figure 2: a) NCI isosurface plot for the conformer 1 of FE (MP2/aug-cc-
pVDZ level). The figure was obtained with a reduced density gradient (RDG) 
value of 0.6 and the blue-green-red values ranging from -0.02 to 0.01 au. b) 
Graph of the reduced density gradient (RDG)  vs sign(2).  
 
Thus, both the QTAIM and NCI methods indicate that an 
attractive CF···HO interaction is not formed for FE. Consistent with 
this finding, the calculated value of 1hJF,H for conformer 1 (Table 1), 
the only conformer which has an appropriate geometry to form a 
CF···HO HB, is close to zero. Averaged over all conformers 
according to Equations 1 and 2, the 1hJF,H value would be -0.51 Hz at 
the BHandH/EPR-III level. In fact the largest coupling between F 
and the hydroxyl proton is obtained for 5 with its "W" orientation of 
the four bonds. The FE conformers were also optimised using the 
integral equation formalism (IEF-PCM) with dielectric constant (ε) 
value for acetonitrile (ε = 37.5), as shown in Table 1. The 
conformational population changes considerably on going from the 
isolated form to acetonitrile. Indeed, the population of conformer 1 is 
reduced from 88% in the isolated form to 57% in acetonitrile 
solution, increasing the population of the gauche conformers 2 and 3 
(the populations of the trans conformers 4 and 5 remain almost 
constant).  
 
Table 1: Calculated relative Gibbs free energies (kcal mol-1), 
population percentages, dipole moments μ (Debyes) and J couplings 
between F and the hydroxyl proton (Hz) for the isolated conformers of 
FE and conformers in acetonitrile media (IEF-PCM model) at the 
MP2/aug-cc-pVDZ theoretical level. SSCCs calculated at the 
BHandH/EPR-III level. SOPPA(CCSD)/EPR-III level 1hJF,H (Hz), 
calculated values are given in parenthesis. 
  1 2 3 4 5 
 ΔG 0.00 1.78 2.27 2.16 1.92 
Isolated %P 88.0 4.3 1.9 2.3 3.4 
 μ 1.8 3.2 3.4 2.1 1.8 
 
JF,H 
-0.57  
(-0.27) 
-1.12 
(-1.23) 
0.53 
(0.42) 
-2.87 
(-2.25) 
3.66 
(3.95) 
  1 2 3 4 5 
 ΔG 0.00 0.58 0.71 1.83 1.94 
CH3CN %P 56.7 21.4 17.2 2.6 2.1 
 μ 2.06 3.87 4.03 2.23 2.05 
 JF,H -0.13
 a -1.39 0.14 -3.12 3.66 
 
 Relative total energies (ΔEFULL), hyperconjugation energies 
(ΔEhyper), and steric/electrostatic energies (ΔELewis) for each FE 
conformer obtained from NBO analysis at the B3LYP/aug-cc-
pVDZ level are collected in Table 2. Both ΔELewis and ΔEhyper 
values are higher for the gauche conformers 1-3 in comparison 
to conformers 4 and 5 (Table 2). Hyperconjugation, particularly 
the CH*CF interaction (see the NBO representations in 
Figure S4 in the ESI), may then explain the preference for 
gauche geometries instead of trans. However, hyperconjugation 
cannot explain the relative energy between conformers 1-3, 
which are the most important, since they are the most prevalent 
both for an isolated FE molecule and in acetonitrile (Table 2). 
The ΔELewis values in Table 2 suggest that steric/electrostatic 
interactions are the most important in differencing the energies 
among 1-3. Indeed, conformer 3, which has the highest dipole 
moment (Table 2), shows the highest stabilisation on going 
from the isolated molecule to acetonitrile (highest ΔΔEFULL) 
due to decrease of dipolar repulsions in such a polar media, as 
indicated by the large decrease of its ΔELewis. The same is true 
for conformer 2, i.e., the decrease in ΔEFULL is accompanied by 
a decrease in ΔELewis. Thus, both theory and experiment suggest 
that hyperconjugation and dipolar repulsions together, and not 
IHB, determine the FE conformational behaviour both for the 
isolated environment and in solution. 
 
Table 2: Total energy (ΔEFULL), energy of the hypothetical case where 
hyperconjugation is removed (ΔELewis) and hyperconjugative energy (ΔEHyper, 
all in kcal mol-1) for FE conformers in the gas phase and in acetonitrile (IEF-
PCM). Calculations at the B3LYP/aug-cc-pVDZ level. 
  1 2 3 4 5 
 ΔEFULL 0.00 1.89 2.33 2.28 2.13 
 ΔELewis 7.55 7.70 9.96 0.95 0.00 
 ΔEhyper 9.68 7.94 9.76 0.81 0.00 
Isolated µ 1.5 2.9 3.0 1.7 1.9 
 CH*CF 5.40 5.41 5.58 --- --- 
 *CFCH 1.16 1.03 1.00 --- --- 
 CO*CF --- --- --- 2.25 2.58 
 *CFCO --- --- --- 1.98 1.85 
 ΔEFULL 0.00 0.50 0.57 1.77 2.05 
 ΔELewis 6.93 4.11 3.46 0.00 1.04 
 ΔEhyper 8.70 5.38 4.66 0.00 0.77 
CH3CN µ 1.7 3.1 3.2 1.8 2.0 
 CH*CF 5.63 5.88 5.72 --- --- 
 *CFCH 1.13 1.03 1.02 --- --- 
 CO*CF --- --- --- 2.29 2.68 
 *CFCO --- --- --- 2.00 1.86 
 
The absence of an IHB in FE is not unusual.26,27 As the CF···HO 
IHB would form a 5-membered ring, which is relatively unstable, 
and organic fluorine atoms are well known to be poor hydrogen 
bond acceptors,1,2 one can understand why FE does not form such an 
interaction. Also, the calculated (MP2/aug-cc-pVDZ) CF···HO 
distance in FE is 2.46 Ǻ, which is larger than the observed 2.20Ǻ 
experimental threshold for a CF···HO IHB formation.1 Thus, the 
next step is to look for CF···HO IHBs incorporated in a 6-membered 
or a 7-membered ring. 3-fluoropropanol (FP) and 4-fluorobutanol 
(FB) are the best aliphatic candidates for such interactions. In a 
Monte Carlo conformational search at the B3LYP/cc-pVDZ level, 
12 and 38 conformers were found for FP and FB, respectively, 
which were subsequently optimised at the MP2/aug-cc-pVDZ level 
(conformer representations and energies/geometries tables in the 
ESI), which showed the best performance in comparison with the 
CCSD(T)/aug-cc-pVTZ//MP2/aug-cc-pVDZ level (Tables S3 and S5 
ARTICLE Journal Name 
4 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 2012 
in the ESI). Among the FP conformers, only conformer 1 has an 
adequate geometry to form a CF···HO IHB. Indeed, by applying the 
QTAIM (ESI), only conformer 1 forms a CF···HO IHB (Figure 3), 
which is confirmed by NCI calculations (Figures 3b and 3c). Note 
that the peak in the RDG plot at negative sign(2) is now larger 
than that at positive sign(2) (Figure 3c) and that the attractive blue 
part is now dominating the NCI plot (Figure 3b). The strong 
HO···HO interactions in related -diols have also been identified 
as attractive by the NCI method.28 
 
a) 
 
b) 
 
c) 
 
Figure 3: a) QTAIM molecular graph of FP conformer 1. Green points 
represent BCPs and the red point a RCP. b) NCI isosurface plot for FP 
conformer 1. The figure was obtained with a reduced density gradient 
(RDG) value of 0.6 au and the blue-green-red values ranging from -
0.02 to 0.01 au. c) Graph of the reduced density gradient (RDG) vs 
sign(2) for FP conformer 1.  
 
 The 1hJF,H SSCC value calculated for FP conformer 1 at the 
SOPPA(CCSD)/EPR-III level is -11.39 Hz and -12.67 at the 
BHandH/EPR-III level. SOPPA(CCSD)/EPR-III and 
BHandH/EPR-III values are in good accordance (MAD = 0.29 
Hz for all conformers, see Figure S6 in the ESI). The 
population of this isomer, however, is only 14.0% considering 
free energies G (Table 3), and the JF,H value averaged over all 
conformers according to Equation 1 is only -1.68 Hz at the 
SOPPA(CCSD)/EPR-III level; (JF,H values for each conformer 
in Table S3 in the ESI), and even smaller in solution (vide 
infra).  
 In agreement with this small value, no coupling between F 
and the hydroxyl proton was observed neither in the 1H nor in 
the 19F spectra in the apolar solvents cyclohexane-d12 and 
CD2Cl2 (spectra in the ESI). The infrared spectra obtained in 
CCl4 at different concentrations (0.01M, 0.03M, 0.05M and 
0.1M) show only a free OH band at 3639 cm-1 and an 
intermolecular associated OH band for the more concentrated 
solutions at 3498 cm-1 (spectra in the ESI). A much weaker 
redshift of the OH band would be predicted in conformer 1 
(3778 cm-1,compared to 3832 cm-1 at the B3LYP/aug-cc-pVDZ 
level in the lowest isomer with a free OH moiety, 33). Thus, no 
evidence for formation of such an IHB is found in the NMR 
and IR spectra. 
 Turning now to FB, conformers 1, 3, 23 and 36 have 
appropriate geometries to form CF···HO IHBs. Conformer 1 
forms the strongest CF···HO IHB, since it has the smallest (1.92 
Ǻ) CF···HO distance in comparison with conformers 3 (2.09 
Ǻ), 23 (2.65 Ǻ) and 36 (2.18). This distance value is unusually 
short when compared with the observed 2.20 Ǻ threshold for 
CF···HO interactions.1 On the other hand, conformer 23 has a 
very long CF···HO distance, longer than in FE conformer 1. 
Accordingly, both QTAIM and NCI methods found a CF···HO 
IHB for conformers 1, 3 and 36, but not for 23 (see Figure S10 
in the ESI). Also in accordance are the SOPPA(CCSD)/EPR-III 
calculated 1hJF,H SSCC values that decrease in the order 1 (-
22.58 Hz) > 3 (-12.04 Hz) > 36 (-8.26) > 23 (0.12 Hz) (the 
BHandH/EPR-III values are qualitatively very similar, albeit 
somewhat too negative for the FB conformers with IHBs (see 
Figure S9 in the ESI), Based on the raw potential energies or 
enthalpies, conformers 1 and 36, that form the strongest IHBs, 
are the most stable structures and are essentially isoenergetic, 
accounting for population values for the isolated molecules of 
11.9% and 15.9%, respectively (E at the MP2/aug-cc-pVDZ 
level, see Table S7 in the ESI). In contrast, conformers 3 and 23 
are populated only by 0.3% and 2.7%, respectively. Inclusion 
of entropy effects, however, completely reverses the relative 
population of extended, floppy conformers and folded, more 
rigid ones: In terms of free energies G (see Table S7 in the 
ESI), the extended conformer 38 is the most abundant, 
accounting for 17% of the mixture, while conformers 1 and 36 
with a “folded” geometry and a CF···HO IHB, are populated 
only by 3.4% and 3.8%, respectively. Applying Equation 1 for 
G-based molar fractions and the SOPPA(CCSD)/EPR-III 
calculated JF,H values for all FB conformers, the predicted 
1hJF,H 
value is -1.08 Hz. Again, no 1hJF,H SSCC was observed 
experimentally in the 1H and 19F NMR spectra of FB in 
cyclohexane-d12 and CD2Cl2. Also, no OH band associated with 
an IHB CF···HO interaction was found (see ESI), consistent 
with the very small predicted populations.  
 
a) 
 
b) 
 
c) 
 
d) 
 
e) 
 
f) 
 
Figure 4: a) QTAIM molecular graph of FB conformer 1. b) NCI 
isosurface plot for FB conformer 1. c) Graph of the reduced density 
gradient (RDG) vs sign(2) for FB conformer 1. d) QTAIM molecular 
graph of FB conformer 36. e) NCI isosurface plot for FB conformer 36. 
f) Graph of RDG vs sign(2) for FB conformer 36. The NCI 
isosurface figures were obtained with a reduced density gradient (RDG) 
value of 0.6 and the blue-green-red values ranging from -0.02 to 0.01 
au.  
 
 To probe for solvent effects, the FP and FB conformers 
were optimised in cyclohexane ( = 2.02) and CH2Cl2 ( = 8.9) 
at the IEF-PCM level. The population values for all FP 
conformers are shown in the Table 3 (see ESI for those of the 
FB conformers). It may be observed qualitatively that FP and 
FB conformers, which may form CF···HO IHBs, decrease in 
population with the increase of the dielectric constant; i.e., the 
population of FP conformer 1 decreases from 14.0% for the 
isolated molecule to 12.6% and 11.4% in cyclohexane and 
CH2Cl2, respectively. Likewise, the populations of FB 
conformers 1 and 36 decrease from 3.4% and 3.8%, 
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respectively, for the isolated conformers, to 2.6% and 2.3% in 
cyclohexane and 1.6% and 1.9% in CH2Cl2. Thus, one may 
conclude that CF···HO IHBs are important interactions 
determining conformer stabilities for the isolated molecules at 
0K, but that they are disfavored both by entropy and solvation, 
to the point that they cannot be observed/detected in solution 
due to a decrease in the IHB forming conformer populations 
under ambient conditions.  
 
Table 3: Conformational population and dipole moment (debyes) of FP 
(MP2/aug-cc-pVDZ) conformers obtained in the gas-phase and by 
using the IEF-PCM method with the parameters for cyclohexane and 
CH2Cl2. 
 Gas Cyclohexane CH2Cl2 
 %P (G) μ %P (G) μ %P (G) μ 
1 14.0 3.4 12.6 3.8 11.4 4.2 
2 35.7 1.8 30.8 2.0 22.6 2.3 
3 13.9 1.4 12.5 1.5 9.9 1.6 
4 8.8 3.4 10.6 3.7 14.7 4.2 
5 7.3 3.6 8.0 3.9 8.1 4.3 
6 7.1 1.6 7.7 1.8 8.5 2.1 
7 4.2 2.2 5.5 2.3 6.8 2.5 
8 4.2 1.5 5.1 1.7 6.4 1.9 
9 2.8 3.4 3.9 3.7 6.1 4.1 
10 1.1 3.5 1.6 3.8 2.5 4.2 
11 0.8 1.7 1.4 1.9 2.3 2.2 
12 0.1 3.6 0.3 4.0 0.8 4.5 
 
4. Conclusions 
 Contrary to assumptions found in the literature, the 
conformational behaviour of FE is not governed by CF···HO 
IHBs. Both experimental 1H and 19F NMR and infrared spectra 
did not show any evidence for such an IHB formation. Also, 
both QTAIM and NCI theoretical calculations suggest that FE 
conformer 1, the most stable conformer both in isolated 
environment and in solution, does not form an IHB. Theoretical 
calculations show that the global minima of FP and FB on the 
potential energy surface do form IHBs. However, due to a low 
population of such conformers at ambient temperature in 
solution, their detection has been unsuccessful so far: no 1hJF,H 
NMR SSCCs and no red-shifted IR bands of a CF···HO moiety 
could be found experimentally. The main reason for the 
absence of conformers with IHBs has been traced back to the 
entropy penalty associated with such folded, less flexible 
structures. Such IHBs might become detectable at low 
temperatures, or upon introduction of suitable structural motifs 
that would reduce the entropic penalty (for instance involving 
cyclic backbones5,29). Overall, fluorine may participate in 
moderately strong CF···HO H-bonds in aliphatic 6- and 7-
membered rings, but not in 5-membered rings, as observed for 
FE. We hope that the outcomes of this work may help to 
rationalize the importance of CF···HO H-bonds also for more 
complex molecular systems.  
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